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THE  DEVELOFf/ENT  AND  ANATOMY  CF  SARRACEKIA  PURPUREA  L. 


The  e-rliest  mention  of  Sarracenia  purpurea  in 
botanical  literature  is  r-ade  by  De  1,'Ecluse  in  his  Rari- 
orum  Plantarum  Historia.   This  work  has  been  accessible 
to  ^e  only  ir  the  edition  of  1601,  and  v.'hether  or  not 
Sarracenia  is  irentioned  in  the  first  edition  of  1576  I  aTi 
unable  to  state.   De  L'Ecluse  saw  only  the  vegetative 
parts  and  these  in  the  dried  condition,  yet  he  has  given 
a  good  description  a-^d  a  very  faithful  wood-cut  of  the 
Plant,  to  which  he  gave  the  naire  Limoniuni  peregrinuTi. 
He  seerrs  to  have  been  impressed  with  the  remarkable 
structure  of  the  leaves  of  Sarracenia,  but  knew  nothing 
of  its  home  or  habitat. 

A  more  complete  description  was  given  by  Robert 
ivtorison  in  his  Plantarum  Historiae  Universalis  in  1699, 
the  riant  being  designated  by  him  Cpilophyllum  Virginian- 
urn  breviore  fplip,  flore  purpuras cente.   Along  with  this 


was  described  Cpilophyllun^  Virgin ianum  longiore  folio 
erecto,  f lore  luteolp  which  is  beyond  doubt  Sarracenia 
flava.   These  nlants  were  sent  to  [.'orison  froT  "VirPinia" 
by  J.  Banister,  who  had  seen  the-r  growing.   Vorison  was 
the  first  to  describe  the  flower  of  Sarracenia,  which  he  does 
accurately  although  not  very  fully.  Cf  the  remarkable  style 
he  says:  "Fructus  in  aricerr.  Drcdigicsum  definit,  cui  ubi 
semiunciale'-"  longitudinem  acquiserit  in  latum  DentagonuT 
quasi  florem  ipononetalum  binas  nene  uncias  latuT. ,  se  exnandit, 
et  OT^erculi  arcuati,  umbellae  aut  canopaei  forra,  ouod  vas- 
culo  ab  aeris  in.iuriis  defendendo  idoneuro  est,  vice^  -raestat; 

The  nresent  generic  nar^e  of  Sarracenia  dates  frorr 
Tournefort's  EleTens  de  Botanique  (  1797)^   In  honor  of  a 

nhysician  of  the  name  Sarazin,  who  had  sent  himsmecimens 

y 

of  the  r>itcher--Dlant  froT  Canada,    Toumefort  naTiCd   it 
Sarracena. 

The  develonment  of  knowledge  of  the  nhysiological 
habit  of  Sarracenia  may  be  dated  frcr  V'illiaT  Bartram*s 


volume  of  "Travels  through  Forth  ard  South  Carolina"  r^ub- 
lished  at  Philadelr^hia  in  1791.   In  describing  Sarracenia 
fJLava  end  irentioning  the  occurence  of  water  in  the  --itchers 
he  says:  "these  latent  waters  undoubtedly  contribute  to 
the  sunrort  and  refreshrrent  of  the  nlant,  -  -  -  but  whether 
the  insects  caught  in  their  leaves,  and  which  dissclve  and 
irix  with  the  fluid,  serve  for  ali-^ert  or  suDrort  tc  these 
kind  of  TDlants,  is  doubtful.   All  the  Sarracenias  are  in- 
sect catchers  and  so  is  the  Drosera  rctundifclia." 

The  T/ork  of  Goebel  (1893)  has  r laced  the  Sarracenias 
in  that  class  of  insectivorous  nlants  which  are  without  a 
digestive  enzyme  in  the  water  of  their  nitchers,  although 
unDublished  work  by  Gies  throws  drubt  u'^on  this  view. 

SYSTEMATIC  POSITION  OF  THE  GEICUS  AKD  FA?.ILY. 

Sarracenia  purnurea  is  a  forin  Dresenti^g  but  little 
variability,  and  sharply  distinct  from  the  other  irembers 
of  the  genus,  although  hybridizing  readily  with  several 


of  them.   The  fa-iily  Sarraceniaceae  i     atural  onr"^, 
yet  one  of  which  the  relationshir^s  and  systematic  -nosition 
have  been  in  controversy.   The  first  author  to  Rive  the 
genus  Sarracenia  a  definite  position  in  the  natural  sys- 
tem was  Lin';-,,  who  in  1822  placed  it  in  the  Panaveraceae. 
The  family  Sarraceniaceae  was  established  by  La  Pylaie  in 
1827,  being  constituted  at  that  tine  of  the  genus  Sarra- 
cenia  alone.  Heliarphora  nutans,  discovered  by  Schom- 
burgk  in  British  Guiana  and  c.escribed  by  Bentha^  in  1856 
was  referred  to  the  Sarraceniaceae,  as  was  also  parling- 
tonia  californica.  found  in  California  by  Brackenridge 
and  described  by  Torrey  in  1854.   These  three  genera, 
Sarracenia  with  seven  snecies,  the  others  monotyr)ic,  now 
constitute  the  fairily. 

Endlicher  (1849),  and  Baillon  (    )  have  eirT^hasised 
the  relationship  of  the  Sarraceniaceae  to  the  Kymphaeaceae; 
Grisebach  in  1854  Dlaced  the  genus  in  the  Droseraceae; 
Lindley  i?  1347  Dlaced  the  farriily  between  the  Paoaveraceae 
and  Ranunculaceae;  and  Benthaai  and  Hooker,  between  the 


Nymnhaeaceae  and  Panaveraceae.   Eichler  in  1875  brought 
together  the  fa-nilies  Sarraceniaceae,  Droseraceae,  and 
Nenenthaceae,  placing  ther  between  the  Violaceae  and  Cis- 
taceae  in  his  group  Cistiflorae.   Sngler  (1891)  has  placed 
these  three  faTilies  together  to  form  the  series  Sarra- 
ceniales,  between  the  series  Rhoeadales  and  Resales,  say- 
ing however:  "wiewohl  ich  noch  keineswegs  von  einer  wirk- 
lich  genetischen  Verwandschaf t  der  drei  TiTilien  unter- 
einander  iiberzeugt  bin."  !/acfarlanr-  (1893)  has  united  the 
Sarraceniaceae  and  iiepenthaceae  to  forrr:  a  family,  Ascidi- 
aceae,  largely  on  the  ground  of  coT.non  features  of  leaf  de- 
velopiDent  in  members  of  the  two  families. 

GEOGRAPHICAL  DISTRIBUTION. 

The  genus  Sarracenia  is  endemic  to  Eastern  North  America, 
reaching  its  greatest  develo-ment  in  the  Gulf  States,  where 
all  seven  species  are  found.   Sarracenia  purpurea  has  by 
far  the  widest  distribution  of  any  member  of  the  genus, 
ranging  from  De  Funick  Springs,  Vialton  Co.,  Florida  (Julia 


Randall),  alone:  the  Gulf  of  Mexico  to  Mobile  Co.  Alaba^^a 
(Charles  Mohr),  and  thence  northward  along  the  Atlantic 
coast,  being  most  abundant  (in  collections  at  least)  east 
of  the  Alleghany  mountains.  In  the  mountains  it  attains 
to  an  altitude  of  at  least  550  metres  (A.  A.  Heller). 
Along  xhe  Atlantic  coast  the  range  extends  vfithout  break 
to  the  New  England  states,  and  from  Hew  Brunswick,  Nova 
Scotia  and  Newfoundland  to  the  coast  cf  Labrador,  where  it 
has  been  collected  in  localities  not  definitely  given 
(C.  A.  Kenastcn;  W.  A.  Stearns).   The  western  boundary  of 
its  range  reaches  Clarke,  .Vissouri  (L.  ;■.'.  Umbach),  Bel- 
trami Co.,  Minnesota  (Field  Cclumbian  Museum),  and  Prince 
Albert,  Saskatchewan  (Macoun).   The  last  locality  and 
Kelson,  Hudson  Bay  (J.  Fowler)  are  the  most  ncrth-westerly 
stations  from  which  the  sDecies  has  been  collected. 

The  acccHDanying  mat)  indicates  the  localities  repre- 
sented by  SDecimens  in  the  following  herbaria:  Harvard 
University,  Cambridge;  New  England  Botanical  Club,  Boston; 


New  York  Botanical  Garden,  New  York;  Academy  of  Sciences, 
PhiladelDhia;  Herbarium  of  Capt.  John  Donnell  Snith,  Balti- 
more; National  Herbarium,  Viashington;  Herbarium:'  of  the 
Field  CcluiTibian  Kuseum,  Chicago;  Herbariuir  of  the  Canadian 
Geological  Survey,  Cttawa, 

The  area  of  distribution  of  Sarracenia  purourea  is 
apparently  continuous.   The  greatest  develorrfient  of  the 
species  in  number  of  individuals  and  their  relative  domin- 
ance among  plants  of  the  same  habitat  is  in  a  belt  of  terri- 
tory stretching  from  the  Maratime  Provinces  of  Canada  west- 
ward to  the  north  of  the  Great  Lai:es  as  has  been  shown  by 
Transeau  (1903)  to  be  true  of  a  number  of  characteristic 
bog  nlants.   Nevertheless  the  -oresence  of  ii-s  congeners 
in  the  Gulf  States  would  indicate  that  Sarracenia  purpurea 
has  had  its  origin  in  the  south-eastern  United  States  and 
has  snread  thence  north-east  and  north-'ivest ,  which  Adams 
(1902)  has  suggested  to  have  been  the  case'  with  very  many 


species  of  Dlants  and  animals.   The  greater  develor>ment 
of  Sarracenia  purpurea  in  the  northern  area  nay  bo  account- 
ed for  by  the  greater  frequency  in  that  rf^gion  of  favorable 
habitats,-  the  sphagnum  moors  in  which,  as  is  well  known, 
it  occurs  nost  frequently  and  thrives  best. 

MATERIAL;  METHODS. 

The  work  of  which  the  results  are  here  ^^iven  was  under- 
taken at  the  suggestion  of  Dr.  D.  S.  Johnson,  and  has  been 
carried  out  at  the  Biological  Laboratory  of  the  Johns  Hon- 
kins  University.  -  I  wish  here  to  exDress  rriy  thanks  to  Dr. 
Johnson  for  much  advice  and  helpful  criticism  in  con- 
nection with  the  work,  and  to  express  to  Professor  William 
K.  Brooks  my  anoreciation  of  his  interest  and  encourfage- 
ment.   I  also  wish  to  thank  my  fellow-student  Mr.  Samuel 
Rittenhouse  for  his  kindness  in  gatheriing  material  for  me 
during  my  absence  froT  the  country  in  the  spring  of  1903. 

The  material  worked  unon  has  been  obtained  mainly  at 
Glenburnie,  Maryland,  near  Baltimore.   Most  of  the  material 


was  fixed  ir  the  field;  of  rrveral  killing  reagents  tried 
1/0  chroTi-acetic  and  Carnoy'^  nixture  were  the  niost  satis- 
factory.  Preparations  were  niade  by  the  ordinary  r)arrafin 
method  and  stained  with  the  Flemming  trinle  or  with  cyanin 
and  erythrosin. 

GROSS  ArvATOMY. 

The  gross  anatomy  of  Sarracenia  purpurea  has  been 
sufficiently  well  made  known  by  the  descriptions  of  Tourne- 
fort,  Morison  and  later  syster.atic  writers  as  to  require 
but  brief  review  here.   The  plant  consists  of  a  rosette  of 
leaves  arising  from  the  summit  of  a  stout  vertical  rhizon-ie. 
The  leaves  are  all  nitchered,  showing  no  seasonal  dimorph- 
ism as  in  Sarracenia  flava  a^d  Sarracenia  drummondii. 
Plants  growing  in  situations  which  are  shaded  or  drier 
than  is  the  common  habitat  show  a  tendency  to  elongation  of 
the  leaf,  a  reduction  in  the  diametrr  of  the  pitcher  and 
a  corresponding  increased  developirent  of  the  wing.   The 


10 
leaves  lie  prone  upon  the  surrounding  iross,  and  as  the 
older  ones  decay  and  younger  ones  are  develor.ed  the 
rhizome  sinks  into  the  bog  by  the  weight  of  the  water  in 
the  leaves.   Adventitious  roots  arise,  growing  through 
the  bases  of  the  old  leaves  by  which  the  rhizome  is 
covered. 

The  leaves  of  Sarracenia  purpurea  persist  throughout 
the  winter,  being  sufficiently  elastic  to  withstand  the 
freezing  of  the  water  which  they  contain,  and  unless 
badly  damaged  through  the  nerforatior  of  zhe   walls  by  in- 
sects, they  function  a  second  year.   Each  plant  forms  in 
the  spring  about  five  or  six  new  leaves  which,  in  the 
vicinity  of  Balti-cre,  begin  to  exnand  in  the  first 
or  second  week  in  Anril,   In  the  young  leaf,  as  will 
be  noted  later,   the  cover  is  folded  together 
and  the  edges  are  united  so  as  to  close  the 
pitcher,   iiot  until  the  middle  of  ;vjay  dees  the  leaf 
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reach  a  size  approaching  that  of  iiaturity  a'^d  orr-n  at  the 
cover.   There  is  no  liauid  ir  the  ritcher  at  the  tirre  it 
opens  sove  for  a  very  few  drops  about  the  sides.   After  a 
fe^Y  weeks  the  young  pitchers  are  found  to  co'tcin  water, 
which  I  have  no  evidence  for  believing  is  other  than  rain- 
water. 

GROSS  STRUCTURE  OF  THE  FLOWER. 

The  flowers  of  Sarracenia  purpurea  are  axillary  and 
borne  singly,  or  in  rare  cares  in  twos,  threes  or  greater 
numbers  upon  the  riant.   The  scape  begins  its  elongation  in 
the  first  or  second  week  of  April  according  to  the  advance- 
ment ofthe  season,  and  the  buds  are  at  first  erect.   V/hen 
the  scape  has  reached  a  length  of  froir  2  to  3  di^.,  about 
two  weeks  after  it:  elongation  begins,  the  end  is  bent  so 
as  to  deflect  the  axis  of  the  bud  a  li-^tle  below  the  horizon- 
tal.  The  scape  of  the  nature  flower  is  fror  2.5  t(-  5  dm. 
in  length. 

The  flower  is  perfect,  hypogynous,  and  radially  sym- 


12 
metrical.   Three  r.tout  bracts  envelon  the  bud  during  its 
winter  rert  and  in  the  SDrin.e  scarcely  grow  at  all,  form- 
ing a  very  inconspicuous  part  of  the  flower.   The  ser-als 
are  5  in  '^UTber,  the  petals  5  and  the  stamens  froir  70  to 
80.   Ihe  pistil  is  C0T<ri0und,  the  ov?.ry  being  aDTDroxinately 
snherical  and  surmounted  by  a  style  "ivhich  is  closely  coi^- 
Darable  to  a  raised  unibrella  (Fig.  30).   The  ntalk.of  the 
style,  corresponding  to  the  handle  of  the  umbrella,  is 
about  equal  in  length  to  the  height  of  the  ovary,  and  the 
UD-ner  s-oreading  oortion,  which  1  shall  designate  as  the  um- 
brella, is  so  large  as  to  cover  the  stamens  completely. 
The  stylar  umbrella  is  roughly  r)entagonal  in  form  (Fig.  29) 
and  convex  upward,  bearing  the  five  stigmatic  surfaces  on 
short  Dsnillae  situated  on  the  under  surface  of  the  umbrella 
a  short  way  from  the  angles  of  the  pentagon  onnosite  the 
ends  of  notches  in  these  angles  (Fig.  50).   The  petals  are 
inserted  at  the  base  of  the  ovary  and  curve  ut)  over  the 
umbrella  oncosite  the  sides  of  the  nentogon,  having  an  inden- 
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tation  ,iu3t  below  the  noint  where  they  curvo  over  the  u'Tibrella. 
The  noints  of  the  urrbrella  bearing  the  stigr-Ttic  panillae 
nro.iect  betwee-^  the  petals .   The  serais  stard  out  more 
stiffly  fror,  the  uribrella. 

Cross-pollination  is  effected  in  Sarracenia  Purx^urea 
by  humble-bees,  whoh  are  apparently  attracted  by  the  secret- 
ions of  the  glandular  surface  of  the  ovary.   The  mechanism 
of  pollination  is  as  has  beer  pcirtedout  by  Hildebrand  (1882). 
The  bef  forces  its  way  betweer  the  petals  and  in  so  doing 
must  pass  under  the  angle  of  the  urnbrella  and  brush  its  back, 
laden  with  pollen  from  the  last  flower  visited,  against  the 
stigratic  surface.   After  pollination  the  petals  and  starens 
fall,  but  the  sepals  and  style  persist  until  the  Taturity 
of  the  seed  and  dehiscence  of  the  capsule. 

DEVELCFI/ENT  OF  THE  FLOWER. 

The  earliest  stage  observed  i-  the  development  of  the 
flower  was  in  material  gathered  on  the  30th  of  August.   There 
are  then  to  be  seen  the  prirrordia  of  the  three  bracts,  the 


14 
five  sonals  and  the  five  rtetals,  which  have  ap^^arontly 
arisen  in  the  order  named.   The  bracts  ard  sepals  are  at 
this  time  irbricated,  but  the  rdges  of  the  petals  are  senar- 
ated  by  a  sx^aco  of  approximately  hrlf  their  width.   Lyin.^ 
.I'ust  within  the  edf^es  of  the  ^-etals  are  the  staminal  nrim- 
ordia,  as  yet  mere  Dapillae,  and  withir  thern  is  a  flat  sur- 
face with  a  slight  elevation  at  the  centre.   A  so-i^ewhat  later 
stage  than  the  last  shows  progress  in  the  develormert  of  the 
stamens,  which  now  a::rear  as  ten  groups  of  nrotuberances 
lying  in  the  Dositicn  before  noted  (Fig,  2).   Each  groun 
arises  from  a  base  which  is  distinct  frc^  the  base-  of  the 
adioining  grouDS,  and  is  rade  u'-  of  the  ^rimordia  of  from 
five  to  eight  stamens.   There  is  nc  suggestion  of  a  r^airing 
of  the  groups  nor  of  their  falling  in  tvn  whorls.   Uron 
the  centra]  flat  surface  has  arisen  the  ovary,  which  at  its 
base  is  pentagonal  in  outline  and  at  its  aoex  is  surrounted 
at  the  angles  of  the  nentagor  by  the  tins  of  the  carpellary 


15 
leaves.   The  outprcvrths  of  the  wall  of  the  ovary  which  are 
destined  to  pive   rice  to  the  nlacentae  are  UT^or  the  sides 
of  the  oentagor ,  which  shows  each  nlacerta  to  be  Tade  uv 
of  the  edges  of  two  carpellary  leaves  (Fig.  2  and  Fig.  14), 

MICROSFCRAFGIUK  Af'D  MICROSPORE. 

The  staminal  Drimordia  early  shew  differentiation  into 
the  narts  destined  to  give  rise  to  filament  and  anther.   The 
latter  Dortion  hears  ar^rroxiinately  the  sa-e  outline  in  cross- 
section  as  do  the  mature  anthers.   The  locatior  of  the  arche- 
sroriuTi  is  indicated  at  first  only  by  the  slightly  greater 
si/^e  of  the  nuclei  in  the  region  of  the  four  ricrosDorangia 
(Fig.  4),  but  soon  comes  to  be  -"ore  sharnly  defined  by 
the  concentric  arranger-ent  of  ceHs  in  the  region  of  the 
future  parietal  cells.   The  archespcrium  is  at  ^his  eorliest 
recognizable  stage  of  about  six  cells  in  cross-section^  but 
grows  rapidly  to  a  size  of  about  twelve  cells  in  dianieter  (Fig 
5).   Develormert  rroceeds  ir  the  autumn  to  the  differentiation 
of  the  endothecium,  the  two  to  three  parietal  layers,  and 
the  nollen  mother-cells.  There  is  as  yet  no  distinction 
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of  definitive  SDorogenous  cells  and  tanetum.   In  this  con- 
dition the  stamens  nass  the  winter. 

The  elongated  narietal  cells  do  rot  contribute  to  the 
tapetum,  but  it  is  '-ade  ur-  entirely  frcn  the  isodiametric 
cells  of  the  TDrirr.ary  archesDorium.   The  outer  outline  of 
the  ta-etal  layer  is  continuous,  and  the  inner  is  irregular 
only  to  an  exten'  which  riakes  it  in  scne  places  two  cells 
in  thickness  and  in  other  places  in  the  san:e  cross-sec- 
tion, three.   The  cells  of  the  tanetum  do  not  wander  among  the 
definitive  sporogenous  cells.   Shortly  after  the  differenti- 
ation of  the  tanetum,  and  before  the  poller  rrcther-cells 
are  ir  the  synapsis  stage,  the  the  tapetal  nuclei  divide 
once  by  mitosis,  and  so  far  as  observed  once  only.   At  the 
tine  of  tetrad  division  the  tapetal  nuclei  are  enlarged, 
the  chro"-atin  is  granular  and  scattered  and  the  nucleoli 
are  large.   At  the  time  of  the  formatio'-  of  the  wrlls  of 
the  pollen-grain  the  cytoplasm  of  the  tapetal  cells  becomes 
much  vacuolated  and  the  nuclei  lose  their  chroratir;  but 
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at  no  tiTie  does  the  layer  become  brolcen.   The  narietal 

layers  at  the  ti'-e  of  the  tetrad  division  are  frcri  three 

to  fiv^  IP  nurrber,  the  erdotheciuT  is  thickered  or  its  inner 

and  lateral  vails  and  the  eDideriris  is  undifferentiated. 

The  thickening  of  the  endothecium  walls  takes  place  very  late^ 

simultaneously  with  the  division  of  the  rollen-grain  nucleus, - 

the  cell?^  for  some  time  r^revious  to  thir  beinr  filled  viith 

starch. 

Dehiscence  ir,  by  meanr.  of  two  longitudinal  slits,  each 
of  which  o-^ens  two  Dollen-spcs  of  the  anther.   /  dee'-  crease 
runs  between  each  rair  of  poller-sacs  ur>on  Lhe  two  sir'es 
of  the  ?rther,  penetrating  to  the  ^oint  at  which  the  two 
microsporangia  lif  nearest  each  other  (Fir.  13);   At  this 
point  is  a  grour  of  small  cells  reaching  from  one  micro- 
sporangiun  to  the  other,  the  walls  of  which  are  thrown 
into  creases  and  folds,  and  fail  to  thicken  in  the  further 
development  of  the  anther,  as  do  the  neighboring  cells. 

The  nollen  mother-cells  aprarently  lie  in  the  synapsis 


18 

stage  for  several  days.   At,  their  first  division  it  is 
nossible  to  cour.t  the  chromosomes,  the  reduced  number 
being  twelve  and  their  form  short  and  blunt (Fig.  8). 

The  tetrahedral  division  is  si~ultaneous,  there  being 
no  formation  of  wall  after  the  first  division.  After  a 
shoro  neriod  of  adherence  in  tetrads  the  pollen  grains  round 
off  and  acquire  the  coats,-  the  characteristic  exine  and  in- 
tine.   The  mature  pollen-grain  is  marked  with  eight  meridion- 
al grooves  in  such  a  manner  as  to  resemble  a  musk-melon.   Be- 
neath the  grooves  the  intine  is  several  times  thicker  than 
between  the  grooves  (Fig.  11).   While  the  pollen-grain  is 
yet  v.'ithin  the  anther  the  nuclear  division  takes  place 
v;hich  gives  rise  to  tube  and  generative  nuclei  (Fig,  12). 
In  this  condition  the  grains  are  shed,  .    the  stamens  near- 
est the  ovary  opening  first,  and  the  outer  ones  successively. 

# 

OVULE  AKD  MEGASPCRAKGIU;.:. 
The  placental  outgrowths  which  we  have  seer  to  arise 


19 

frori  the  flat  sides  of  the  ovary,  at  the  rioint  of  .iuncture 
of  the  edges  of  the  carpellary  leaves,  grow  inv/ard  almost 
to  the  centre  of  the  ovar),  and  these  I  shall  designate  as 
the  "main  -olacental  outgrowths"  (Fig.  14).   Each  nair 
placental  outgrowth  sends  cut  two  lateral  outgrowths  so  as 
to  reseiTible  in  cross-section  a  letter  T  in  ^vhich  the  arms 
have  been  bent  downward.  Each  pair  of  ad,1oining  lateral  out- 
growths is  closely  appressed  and  directed  backward  toward 
the  angles  of  the  ovary.   In  uhe  lov;er  part  of  the  ovary 
the  adjacent  lateral  outgrowths  fuse,  but  do  not  extend  to 
the  bottom,  and  in  the  upper  part  they  do  not  reach  the  wall 
of  the  ovary  as  do  the  main  -olacental  outgrowths.   Upon 
the  ed.c:es  of  the  lateral  outgrowths  are  borne  the  ovules  (Fig, 
15).   The  ovules  at  the  base  and  ton  of  the  ovary  lie  paral- 
lel to  the  axis  of  the  flower,  those  in  the  middle  lie  at 
right  angles  to  it,  the  intermediate  ones  having  inter- 
mediate positions  according  to  their  place  in  the  ovary. 
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The  sir'i-nits  of  the  oanellary  leaves  broaden  and  co- 
alesce, and  grow  out  in  a  direction  radial  to  the  axis  of 
the  flower,  so  that  v.-hile  their  basal  parts  for-  the  cap- 
sule and  '^he  stalk  of  the  style  the  tirs  for-  the  u'-ibrella 
of  the  style  (Fig.  3).   The  tin  of  each  carpellary  leaf 
organizes  a  very  definite  growing-point  (?ig.  23),  and  the 
portion  betv/een  the  tips  nearly  keer;s  pace  in  growth.   Upon 
the  ventral  surface  of  each  tip  rear  the  tiire  of  the  corr- 


pletio"  of 


its  growth  is  formed  the  r^rotuberance 


which  bears  the  stigmatic  surface. 

The  a-nearance  of  the  TDri^ordia  of  the  ovules  upon 

the  placentae  to.kes  rlace  fro-^  the  point  opposite  the  angle 

of  the  ovary  wall,  where  the  adjacent  lateral  outgrowths 

Teet,  successively  t0'.';ard  the  angle  forired  by  the  lateral 

outgrowth  the  rr.ain  ou^grov/th  (Fig.  19).   In  a  vertical  direc- 
\ 

tion  the  development  r;roceeds  from  the  middle  of  the  "lacenta 


toward  to-^  and  bottom.   The  ovules  first  anr)ear  as  rrc- 
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tuberances  initiated  by  the  periclinal  division  of  sub- 
enidernal  colls  and  the  acconipanyinf  anticlinal  division 
of  the  eniderr.al  cells,  as  is  commonly  the  case.   Ithen  the 
ovule  first  protrudes  from  the  T^lacenta  there  is  no  sug- 
gestion of  a  snorogenous  cell.   At  this  stage  of  develor- 
ment  the  winter  rest  intervenes.   The  first  suggestion  of  a 
sporogenous  cell  comes  v,'ith  the  enlargement  of  a  single  sub- 
e-oidermal  cell,  which  is  the  megasoore  mother-'^ell  (Fig.  16). 
In  three  cases  out  of  many  hundreds  examined  there  were  two 
megasnore  mother-cells  lying  side  by  side.   There  is  no 
taoetal  cell. 

The  bending  by  v;hich  the  ovule  becomes  anatropous  begins 
at  once  and  is  cuite  marked  by  the  time  of  the  appearance  of 
the  megaspore  mother-cell.   Both  transverse  and  1  "ngitudinal 
sections  (Fig.  16  and  Fig.  17)  show  a  double  layer  of  cells 
at  the  sides  of  the  megasT)ore  mother-cell,  and  median  longi- 
tudinal sections  shov,-  approximately  five  rows  of  cells  in 
the  ovule, exclusive  of  the  epidermis. 
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The  integument  is  single  in  Sarracenia  purpurea.  Its 
develc'^raent  begins  by  Dericlinal  divisions  of  subenidermal 
cells  upon  the  convex  side  of  the  bending  ovule,  and  con- 
tinues as  a  ring  v/hich  grows  raridly  on  the  side  v;here  it 
began  first  and  slowly  on  the  opT^osite  side,  which  lies 
next  the  ranhe.   The  ranid  grov/th  of  the  ovule  is  accoinplish- 
ed  by  the  chalazal  end.   By  the  ti:iie  of  the  first  division 
of  the  megaspore  incther-cell  the  bending  of  the  ovule  is 
coitoleted,  the  integument  has  grown  so  as  to  nearly  close 
the  Tiicronyle  and  the  megaspore  mcther-cell  has  increased 
in  size  and  encroached  upon  the  nucellar  tissue  so  as  to  lie 
next  the  epidermal  cells  over  the  entire  distal  end  (Fig.  20). 

The  difference  in  the  time  of  apnearance  of  the  ovules 
UDon  the  different  parts  of  the  placenta  causes  a  difference 
in  the  iegree  to  which  the  integuments  develon  (Fig.  19)  and 
also  a  difference  in  the  maturation  of  the   megaspore  mother- 
cell,  and  the  germination  of  the  megasnore  in  ovules  in 
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the  different  parts  of  the  placenta,  a  difference  v/hich 
Icng  remains  evident,  as  v.-ill  be  noted  later. 

At  the  first  division  of  the  regaspore  mother-cell 
it  was  net  founc  possible  to  count  the  nuTber  of  chromo- 
somes.  The  division  is  followed  by  the  foriration  of  a  wall 
(Fig.  20),  and  in  about  half  the  cases  observed  both  the 
daughter  cells  again  divide  tc  fcr^  the  nori^al  tetrad  of 
megaspores  arranged  ir  linear  series  (Fig.  23).   In  '.he  re- 
maining cases  the  ir.icropylar  daughter  cell  fails  to  divide, 
resulting  in  a  series  of  three  megasrcres  (Fig.  21);  and 
and  much  less  frequently  the  iriicropylar  daughter  cell 

divides  traivsvrrsoly  to  ihe  long  axis  of  the  nucellus  (Fig. 

A- 
22).   In  any  case  it  is  the  chalazal  negaspore  whoh  func- 
tions, the  iricropylar  ones,  be  they  three  or  two  being  ap- 
pressed  to  the  layer  of  the  nucellus  and  absorbed. 

The  maturation  of  the  megaspore  is  concident  v/ith  the 
tetrad  division  of  the  microspore  mother-cells. 
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EMBRYO-SAC. 

Such  has  been  the  eloriF^ation  of  the  ovule  by  the  time 
of  the  maturation  of  the  megasDore  that  the  nucellus  is 
lengthened  to  five  or  six  times  its  diameter,  being  ~ade 
UT3  of  slightly  elongated  cells  from  five  to  six  rov/s  thick 
in  iTiedian  section.   The  integument,  about  five  cells  thick, 
has  now  grown  well  beyond  the  tip  of  the  nucellus  and  its 
lins  have  becoit'e  somewhat  auDressed  to  forn  the  long  micro- 
pyle.   The  cells  ir  the  innermost  layer  in  Ihe  integument 
show  active  division  in  the  direction  of  the  greatest  length 
of  the  nucellus,  and  by  their  dense  Drotonlasrr  and  large 
nuclei  stand  out  proTinently  as  a  definite  layer  v.'hich  I  shall 
designate  as  the  "columnar  tissue." 

After  the  disapr.earance  of  the  megaspore  sister-cells 

the  definitive  megaspore  continues  its  absorptive  activity 

to  the  destruction  of  the  single  layer  of  nucellus  at  its 

microrylar  ^d ,  so  that  the  distal  half  of  it  comes  to  lie 
A 

directly  against  the  columnar  tissue  of  the  integument. 
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The  chalazal  end  is  oointed,  occuijies  at  this  ti-ne  a 

median  position  in  the  nucellus,  and  is  apparently  active 

in  the  degeneration  of  the  rucellar  tissue,  in  accoinodat- 

ion  to  its  own  growth.   About  this  time  the  definitive 

inegaspore  undergoes  division.   The  daughter  nuclei  take 

places  at  opposite  ends  of  the  enibryo-sac  (Fig.  24),  and 

quickly  undergo  the  second  (Fig,  25)  and  third  divisions 

« 
in  the  normal  -manner. 

The  mature  embryo-ssc  is  tynical  i"  every  resnect.   It 

.is  elongated  to  four  or  five  tidies  its  width,  the  sides 

lie  next  the  columnar  tissue  and  the  base  continues  to  be 

pointed  and  median.   The  synergidae  lie  side  by  side  and 

the  egg  protrudes  a  little  way  below  them,  nearer  the  centre 

of  the  sac.   The  cytor:lasm  of  the  synergidae  is  dense  and 

stains  heavily  with  the  Flemining  tri'jle;  That  of  the  egg  is 

greatly  vacuolated.   The  antinodalc  lie  well  togethfr  in 

the  conical  base  of  the  sac  (Fig.  26).   The  nolar  nuclei 

ireet  midway  between  the  ends  of  the  sac,  and  after  their 
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fusion  the  e-dosDerm  nucleus  continues  to  occur>y  this  -"losition 
(Fig.  26).   After  the  fusion  of  the  r)Olar  nuclei  the  endo- 
sr)erir  becomes  very  active  in  the  disorj^anization  of  the 
re-naininF;  basal  ':'ortion  of  the  H'-icellus.   In  this  activity 
the  antiT)odals  do  not  take  nart.   The  base  of  the  sac  re- 
mains Dointed,  but  """roT  beinf^  median  nov/  cones  to  lie 
against  the  '^olunnar  tissue  at  one  side  of  the  nucellus 
by  means  of  the  abscrntionjof  the  nucellar  tissue  whii^h  lay 
betv;een  its  nreviou".  position  and  the  colu-":nar  tissue.   The 
further  enlarger-ent  of  the  sac  is  accomDanied  by  a  "oushing 
downward  of  the  base  between  the  nucellus  and  the  columnar 
tissue,  and  in  so-^e  prenarations  the  antlDodals  v;ould  seem 
to  have  been  Dushed  to  one  side  (Fig.  27).   The  columnar 
layer  now  shov.'s  its  -aximum  develonment,  being  made  ud  of 
d'e::  -^uch-f latter ed  cells  v;ith  dar!"ly  staining  cytonlasm. 
The  function  of  these  cells  is  no  doubt  that  of  secreting 
and  Tiassinr  over  to  the  sac  sugars  or  other  elaborated 
food-stuffs. 
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POLLINATION  AKD  POLLEK-TUBES. 

Pollinatior  takes  p^ace,  near  Baltiniore,  in  the  first  week 
in  May.   In  the  mature  style  of  Sarracenia  at  the  tine  of 
nollination  the  umbrella  is  of  a  jjale  green  color.   Its 
internal  structure  is  leaf-like,  vathout  a  definite  i^alisa^le, 
but  with  abundant  intercellular  snaces  and  stomata  numer- 
ous upon  the  ut^ner  surface  and  few  ur^on  the  lower.   Long  u-^- 
branched  unicellular  hairs  cover  the  lower  surface  so  thickly 
as  to  forn;  a  tomenturn  in  which  considerable  nollen  is  caught 
at  the  ti-e  of  its  shedding.   There  are  also  uron  botk  sides 
of  the  UTbrella  rr.ulticellular  glands  of  spheroidal  shape 
prelecting  slightly  above  the  level  of  the  epidermis.   Run- 
ning  from  the  five  stig'^atic  surfaces  toward  the  centre  of 
the  umbrella  are  heavy  veins  v;hiGh  comprise  both  vascular  and 
conducting  tissue. 

The  union  of  the  carpels  i"  the  formation  of  the  stalk 
of  the  style  is  such  as  to  leave  at  its  ce'^tre  a  pentagonal 
cavity  v;hich  in  the  mature  flower  connects  the  i-terior  of  the 
capsule  with  the  external  air.   An  examination  of  the  veins 
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of  the  UTTibrella  tv;o  weeks  before  r'Ollination  v,'ill  she--' 
the  'conducting  tissue  as  a  cylindrical  strand  about  ten 
cells  in  dianeter.   The  cells  are  Tuch  elon.c^ated,  with  nointed 
ends,  or  ira-y  cells  of  this  description  have  divided  to  two 
or  four  cells.   The  cytorlas-^  is  dense,  the  nuclei  are  lar^e, 
elongated,  often  three  tines  as  v;ide  as  lon^,  binucleolate 
and  roor  in  chro-^ati-.   At  the  tir.e  of  the  nassage  of  the 
oollen-tubes  the  conducting  strand  has  become  enlarged  to 
niore  than  twice  its  previous  diameter  at  the  expense  of  the 
surrounding  tissue,  and  the  eel's  have  beco-^e  still  -ere 
elongated.  The  cyto'Dlas'^  is  much  vacuolated,  and  the  -nuclei 
are  attenuate  at  the  ends  and  devoid  of  nucleoli  (Fig.  32 
and  Fig.  33),  and  there  are  large  intercellular  soaces.   The 
vascular  tissue  of  the  veins  lies  beneath  the  conducting 
tissue  and  is  "ontinuous  with  the  vascular  tissue  of  the 
stylar  stalk. 

Two  weeks  before  nollination  transverse  sections  of 
the  stalk  of  the  style  will  reveal  five  strands  of  heavy- 


walled  cells  run^in.f^  fror"  the  angles  of  the  central  cavity 
half  Tffpy   to  the  -oeririhery  (Fi,£^.  34).   The  tissue  which  these 
cells  reT^resent  in  cross-section  is  four  to  six  cells  thick 
and  runs  the  entire  len.^th  of  the  stalk,  being  in  the  'median 
line  of  the  carpels.   .About  the  tine  of  nollination  these 
sheets  of  cells  are  found  to  srlit  to  twc  layers  which  separ- 
ate in  such  a  n-.anner  ar,  to  forr-  canals  which  are  connected 
with  the  ce'^t^al  cavity  (Fig.  c5).   The  surface  layer  of 
cells  on  the  interior  of  the  canal  becoiies  detached  and 
undergoes  riartial  degeneration.   The  five  conducting  canals 
thus  forTPed  are  continuous  '.vith  the  conducting  tissue  of  the 
veins  of  the  umbrella  above,  and  OTDen  below  Tidway  between 
the  Train  nlacental  outgrowths. 

The  stigmati'"  surface  is  richly  provided  with  long, 
curved,  heavy-v/alled  outgrowths  of  er^idermal  cells  (Fig.  31), 
which  serve  to  catch  pollen  and  held  it.  Follen  was  found 
to  be  present  ir  abundance  on  all  stigmas  examined.   There 
is  no  definite  sprouting  pore  in  the  grains  but  the  tubes 
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grow  more  conmonly  fro-i  the  meridional  grooves.  The  nol- 
len-tubes- grow  between  the  cells  of  the  stig^ratic  surface 
and  their  entire  passage  is  betv;een  the  eel's  of  the  con- 
ducting tissue  and  never  through  then.  They  fol'ow  the  well- 
definecl  course  of  the  conducting  tissue  along  the  vein  of 
the  umbrella  and  down  the  stalk  of  the  style. 

The  generative  nucleus  was  not  seen  in  any  car.e  to  have 
divided  before  the  sprouting  of  the  pollen-tube  and  the 
earliest  position  invvhich  it  was  seen  to  have  divided  was 
in  a  tube  v.-hich  had  nearly  reached  the  centre  of  the  umbrella. 
The  tube  nucleus  is  spherical  and  precedes  the  generative 
nuclei.   The  latter  are  alike  in  form,-  elongated  and  curved 
or  often  bent  twice  in  sernentine  rnanner.   The  distance  of 
the  nuclei  from  the  end  of  the  tube  is  from  four  to  six 
times  the  diameter  of  the  tube.   The  cytonlasTi  is  dense  in 
the  entire  end  and  around  the  nuclei  (Fig.  36). 

V.'hen  the  nollen-tubes  enter  the  cavity  of  the  ovary 
from  the  five  conducting  tubes  of  the  stalk  they  are  di- 
rectly above  the  line  of  .iunctureof  the  two  ad.iacert  lateral 
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Placental  outgrowths.   The  course  of  the  rollen-tubes  is 
at  first  a  downward  one  between  these  outgrowths  ,  and  later 
an  outward  one  radial  to  the  axis  of  the  ovary  (Fig.  50). 
In  this  manner  the  edges  of  the  placentae  are  reached  after 
a  course  which,  for  the  tubes  growing  to  the  lowermost 
ovules,  is  as  much  as  6  or  8  mm,  and  lies  entirely  nutside 
the  tissue  of  the  olant  in  an  ovary  the  cavity  of  which  has, 
as  already  said,  direct  communication  with  the  external  air. 
The  epidermal  cells  of  the  rilacental  surfaces  between  which 
the  T)ollen-tubes  nass  are  densely  filled  with  cytonlasm;  be- 
neath them  lie  three  layers  of  flattened  cells  of  si'-ilar 
contents . 

Thin  transverse  walls  are  formed  in  the  tubes  near  the 
stigmatic  surface  (Fig.  37),  ar-d  far  down  in  the  ovary  near 
the  ovules  olugs  are  not  infrequent  in  the  tubes,  being 
from  three  to  six  tires  the  diameter  of  the  tube  in  length. 

The  distance  traversed  by  the  nollen-tubes  which 
reach  the  lowermost  ovules  is,  i"  flowers  of  average  size, 
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about  4  cm.  Provision  for  the  nutrition  of  the  tube  dur- 
ing its  grov/th  and  passage  is  perha-ns  -wade   in  r^art  by  the 
uhotosynthetic  activity  of  che  unbrella.   Previous  to 
T:ollination  the  er^iderr.al,  subeT^idern^al  and  sorne  deener 
cells  of  the  umbrella  are'  filled  with  densely-staining, 
finely  granular  contents,  the  nature  of  v/hich  has  not  been 
deternined.   Similar  contents  fill  the  epidernial  cells  of 
the  stalk  of  the  style.   The  course  of  the  tubes  as  far  as 
their  entrance  to  the  ovary  is  undoubtedly  through  a  strong 
solution  of  sugars.   Belov,'  the  noint  of  entrance  to  the  ovary 
the  nassage  betv.'een  the  Placental  walls  is  probably  through 
a  firn  of  sugary  solution  held  '.here  by  capillarity  and  sup- 
plied v:ith  materials  from  the  epidermal  cells  of  the  placental 
v/alls,  which  after  pollination  are  highly  vacuolated,  in 
marked  contrast  to  their  condition  before  nollination. 

FERTILIZATION. 

The  fusion  of  the  male  and  female  :^uclei  in  fertilization 
is  nreceded  by  the  division  of  the  endos'/ern  nucleus  in 
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nearly  all  the  Pinbryo-sacs,   Fertilizatior  takes  place 
in  all  ovules  at  nearly  the  sarfie  tir.e  Vv'ithout  regard  as  to 
whether  the  endosperr.  nucleus  has  or  has  not  divided. 
As  to  the  length  of  t?.i^.e  intorvenine  betvreen  pollination 
and  fertilization  I  air;  unable  to  give  any  exact  data. 
On  the  24th  of  Ivjay  plants  growing  in  the  open  were  found 
to  have  shed  their  pollen  in  the  anthers  nearest  the  ovary, 
iiaterial  collected  at  the  sarre  localuty  tv/o  days  later 
was  found  to  shov;  fertilization.  The  time  of  pollination 
of  the  narticuiar  flowers  gathered  and  fixed  nay  have  been 
as  much  as  five  days  before  gathering,  but  was  T^robably 
not  earlier. 

The  thin-walled  slender  oollen-tubes  n;ay  be  found  in 
abundance  about  the  mouths  of  the  micropyles  often  forming 
considerable  knotted  masses.   The  cells  which  line  the 
ir.icropyle  are  Iieavy-walled  and  of  such  darkly  staining  con- 
tents that  it  is  difficult  to  observe  the  r;cllen-tube  with- 
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in  the  ^icropyle,  and  indeed  the  entrance  of  the  tir>  of  the 
tube,  with  the  nuclei,  was  net  observed.   The  synergidae 
become  ar)nressed  to  the  wall  of  the  sac.   The  end  of  the 
tube  ur)on  entrance  to  the  sac  becoires  expanded  and  Dushes 
downward  to  one  side  of  the  egp.   The  generative  nuclei 
hr.ve  lost  the  elongated  shape  they  were  seen  to  have  v^hile 
passing  down  the  style  and  have  becoire  snherical  .   Fusion 
of  the  first  generative  nucleus  takes  oiace  in  a  nanner  pre- 
senting no  s-^ecia^  neculiarities  (Fig.  38), 

endosper:.:. 

The  fusion  of  the  nolar  nuclei  precedes  fertilization, 
as  has  been  noted,  and  is  followed  at  once  by  division.   The 
first  wall  in  the  endosnerr  is  transverse  to  the  length  of 
the  sac  and  divides  it  into  equal  halves  (Fig,  39),   The 
daughter  nuclei  divide  in  lilce  -anner  (Fig.  40),  as  :lo  also 
the  grand-daughter  nu'^lei,  giving  rise  to  an  endosnerrr:  of 
eight  cells  in  lirear  series,  in  which  the  walls  are  all 


35 

transverse,  although  not  uncommonly  somewhat  oblique  (Fig.  41J 
Subsequent  divisions  are  less  regular,  and  by  the  tine  the 
fertilized  egg  has  divided  to  a  tv/o-celled  embryo  the  endo- 
snerm  contains  aDnroximately  150  cells,  its  bane  having 
used  up  the  nucellus  either  coi^oetely  or  to  the  extent  of 
all  but  a  half  dozen  cells  (Fig.  42),   At  this  ti^e  the 
endosrerm  cells  are  highly  vacuolated  and  the  laying  dov-n 
of  food  has  not  begun. 

The  relative  rate  of  develcrment  of  the  endosoerir  in 
ovules  ur^on  different  narts  of  the  same  olacenta  is  the 
same  as  was  noted  with  regard  to  the  integuments.   An 
ovule  at  the  noint  of  .iuncture  of  the  adjacent  lateral  pla- 
cental outgrrvfths  nay  have  an  eight-celled  endcs'^er""  at 
the  sar^e  time  that  the  e'^dosmerm  nucleus  has  not  yo",   di- 
vided in  an  ovule  uoon  the  edge  of  the  Dlacenta  nearest  the 
main  Placental  outgrowth. 
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EMBRYO. 

The  first  division  of  the  fertilized  egg  is  in  a 
direction  parallel  v/ith  the  length  of  the  sac.   The  tv/o- 
celled  e'Pbryo  (Fig.  43)  at  first  oval  becomes  gradually- 
elongated,  divisions  following  ir.  the  sa-^e  Diane  as  the 
first  but  not  in  a  -nanner  in  v;hioh  it  has  been  oossible  to 
discover  any  regularity.  After  the  embryo  has  attained  to 
a  length  of  frc^  five  to  seven  cells  there  is  a  lateral 
division  of  the  terninal  cell  (Fig.  44),  the  beginning  of 
the  embryo  nrorer.   The  susDensor  is  usually  curved,  al- 
though net  always  to  so  great  an  extent  as  shown  in  the  figure. 
I  have  beer^  unable,  by  lack  of  material,  to  observe  stages 
in  the  develoDmert  of  the  embryo  immediately  following  the 
tra-sverse  division  of  the  terminal  cell. 

In  material  of  the  25th  of  June  the  embryo  nroner  is 
found  to  have  reached  a  size  of  ar'^rcximately  250  cells, 
with  ellipsoidal  form  (Fig,  45).   Der-atogen  and  neriblera 
are  well  defined  but  r>o  Drocambial  cells  have  as  yrt  ap- 
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Deared.   The  endosperrr  has  by  this  tire  increased  greatly 
in  diameter,  encroachinr  unon  the  tisr^ue  of  the  inteffuments. 
The  endosDerr.  cells  have  becc^e  well  stored  with  aleurone 
exceot  i-  the  central  T^ortion  of  the  microDylar  end,- 
the  regie  destined  to  be  occuDied  by  the  full-sized  er.bryo 
of  the  mature  seed.   In  enbrycs  of  the  size  of  that  shown 
in  Fig.  ^5  the  rusnensor  is  surrounded  by  endosnerr  cells 
in  which  the  aleurone  has  been  laid  down;  the  embryo  oroner 
is  surrounded  by  cells  of  highly  vacuolated  contents. 

SEED  A:iD  SEEDL]:;."G. 

Material  gathered  during  the  last  week  of  July  exhibits 
seeds  which  are  nractically  nature.   The  er-.bryo-sac  has  grown 
to  an  elongated  ellii.nsoidal  form,  the  cotyledons  being  about 
one  third  of  the  ijength  of  the  whole  (Fig.  46),   F.longated 
nrocambium  cells  stretch  frcrr  the  basal  end  of  the  embryo 
to  the  region  of  the  sterr  growing-ocint.   Sto-ata  are  not 
forced  in  the  e-ribryo  until  bhe  tire  of  germination.   A  few 
endosnerm  cells  at  the  sides  and  cctyledonary  end  of  the 
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embryo  are  free  of  aleurone,  as  they  reitiain  in  the  rtature 
seed. 

The  superficial  layer  of  the  integument  forms  the  seed- 
coat.   Its  cells  becoire  irregular  on  their  external  surface 
and  the  vvalls  are  greatly  thickened,  v;ith  consnicuous  pores 
in  the  lateral  and  basal  walls,  but  none  in  i,he  v/alls  form- 
ing Lhe  surface  of  the  seed  (Fig.  47).   The  inner  cells  of 
the  integument  are  all  disorganised  by  the  growth  of  the 
endosperm  and  reduced  to  a  layer  of  the  remaining  walls  of 
flattened  cells.   The  raphe  of  the  ovule  develops  into  a 
wing  upon  one  side  cf  the  seed  as  seen  in  rig,  47.   In  the 
mature  seed  there  is  a  coating  of  v.-ax  unon  the  surface  which 
renders  their,  unv/ettable,  a  condition  in  which  they  remain  for 
severar  weeks  after  they  have  been  rilaced  in  wet  moss. 

Provision  for  the  shedding  of  the  seed  is  -lade  by  a 
deer)  furrow  surrounding  the  rar^he  .iust  at  its  iunction 
with  the  nlacenta  (Fig.  48).   The  dehiscence  of  the  capsule 
in   loculicidal,  and  is  provided  for  by  a  dee-:  suture  UDOn 
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the  external  surface  of  the  cansule  wall  at  a  point  v;here 
the  v-all  is  traversed  by  a  heavy  vascular  bundle.  Dehis- 
cence takes  Dlace  late  in  Septe'^ber  or  e'^rly  in  October,  the 
seeds  are  scattered  gradually  during  many  weeks  by  chance 
shaking  of  the  scane  by  wind  or  animals.  The  rid  flower, 
with  stigna  and  se-^als  still  i^ersisting,  is  often  found  side 
by  side  with  the  bloorn  of  the  following  year. 

On  germination  the  seed  is  elevated  above  the  soil  or 
noss  by  gro-th  of  the  hypocotyl ,  which  is  sharnly  bent  and 
is  the  first  part  of  the  seedling  to  protrude.   The  tins  of 
the  cotyledons  remain  for  soTe  ti-^e  in  the  seed,  function- 
ing as  haustoria  for  the  rei^oval  of  the  stored  food  of  the 
endosnerm.   The  tin?:  of  the  cotyledons  are  active  in  the  re- 
moval of  the  endoGoerrr  both  at  their  ends  and  along  their 
sides  (Fig.  49).   The  cotyledons  expand  to  ligulate  leaves 
about  1  cm.  long  (Fig.  5C)  and  persist  until  about  the  time 
of  the  formation  of  the  third  enicctyledonary  loaf.  The 
cotyledons  develop  storata  during  the  nrocess  of  germin- 
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ation  and  the  epidermal  and  subenidermal  layers  of  isodia- 
metric  cellr>  bear  rhloroohyll. 

DEVELOPMENT  OF   LEAVES. 
The  stem  grovfing-DOint  of  Sarracenia  is  massive  and 
acutely  doir.e-shaned  in  the  seedling  (fig.  51).   There  is  a 
definite  layer  of  dermatogen  and  a  common  group  of  initials 
for  periblero  and  plerome.  The  first  er-icotyledonary  leaf 
arises  opposite  the  interval  between  the  cotyledons.   It  is 
f inger-shaT^ed  with  a  somewhat  broadened  base.   On  reaching 
a  length  of  about  tv,'ice  its  diameter  there  begins  a  rapid 
lateral  outgrov/th  of  the  tissue  of  an  O-sha^ed  area  on  the 
side  of  the  r)rimordium  which  faces  the  growing-r^oint ,  giv- 
ing rise  to  a  r>it  v:hich  is  destined  to  become  the  cavity  of 
the  pitchered  leaf  (Fig.  52).   The  basal  i^art  of  the 
O-shaned  outgrowth  now  begins  to  grow  uDward ,  in  which  it 
is  accomnanied  at  the  same  rate  by  the  unoer  nortion  of 
the  0,  which  at  the  same  time  carries  forward  the  at)ical 
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growth  of  the  leaf  (Fif?.  53).   The  cavity  of  ohe  "oitcher 
thus  grows  in  depth  by  the  mward  growth  of  the  tissue  by 
;vhich  it  is  surrounded.   The  bottom,  of  the  cavity  is  subse- 
quently elevated  to  soi~e  extent  by  the  further  growth  cf 
the  tissue  beneoth  it,  but  there  is  no  Ger)ression,  v,'hich 
was  considered  as  a  possibility  by  Zipperer.   The  entire 
early  developrrent  of  the  leaf  resenbles  closely  that  which  has 
been  described  for  Darlingtonia  californica  by  Gcebel  (1895). 

The  first  epicotyledcnary  leaf  reaches  its  riaxiiruiri 
size  at  a  length  of  about  2.6  err..,  it  is  slender  in  form, 
the  cavity  reaches  well  down  tcward  its  bane,  and  the  wing 
is  but  slightly  rieveloned.  At  the  sumrrit  it  is  hooded  in 
such  a  manner  as  to  rece--ble  the  ;T.ature  leaf  of  Sarracenia 
variplaris.  The  walls  of  the  pitchers  of  the  seedling  are 
six  to  eight  cells  in  thickness,  with  open  iresophyll, 
chlorophyll  in  all  the  cells,  and  storatr.  over  the  entire 
external  eniderris.   There  are  two  principal  strands  of 
vascular  tissue,  one  in  the  base  of  the  v/ing  and  one  on  the 
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■cprosite  side  of  the  r.itcher  from  this,  with  sr^aller  anas- 
toirosirg  strands  between  these.   In  the  throat  of  ^he  pit- 
cher all  the  epiderr.al  colls  are  iiroduced  into  long  pro- 
.lecting  points;  lov;er  in  the  iiitcher  occasional  erdderrr.al 
cells,  smaller  than  the  others,  give  rise  to  long  heavy- 
walled  hairs,  ivnile  in  the  bottoir.  of  the  pitcher  the  epi- 
dermal and  first  layer  of  subepiderrral  cells  are  srall  and 
heavy-walled, 

While  each  leaf  of/the  young  plant  is  passing  thrc^igh 
its  "oeriod  of  ircst  acoive  growth,  the  inter^^ode  between  it 
and  the  next  lower  leaf  is  also  elongating  jfarjidly.  A  young 
leaf  aprears  for  this  reason  to  arise  from  the  netiole  of 
the  leaf  below  it  (Fig.  51),   The  relative  elongation  of 
the  internodes  is  far  greater  in  the  seedling  than  in  the 
adult  nlant. 

The  growth  of  a  single  riant  fron  seedling  to  adult 
has  not  been  followed  by  the  writer,  but  the  available  evi- 
dence points  to  the  ti^^e  requisite  for  the  seedling  to  reach 
blooming  age,  as  being  at  least  five  or  six  years. 
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Seeds  of  the  cror)  of  1901jV/hich  in  October  of  that  year 
were  placed  in  sphagnum  in  a  loosely  covered  glass  vessel 
germinated  in  July  1902,  and  now.  after  33  months. have  no 
pitchers  -leasuring  over  2  nn.  in  diameter.   The  extremely 
artificial  conditions  under  which  Lhese  seedlings  were  kept 
would  however  make  it  inadvisable  to  draw  from  them  any 
general  corclusiors  as  to  the  rate  of  growth  in  the  seedlings 
under  natural  conditions.  The  great  number  of  intermediate 
stages  in  growth  between  the  seedling  and  adult  which  may 
be  observed  in  a  single  locality  at  any  one  season. would 
also  argue  for  the  slov.ness  of  the  plant  t«  reach^Jadult  size. 

The  stem  growing-point  of  the  adult  nlant  is  more 
broadly  dome-shaped  than  that  of  the  seedling  but  is  iden- 
tical with  it  in  the  mode  of  origin  of  the  dermatogen,  peri- 
blem  and  plerome.   The  earliest  pri-ordium  of  the  leaf  is 
likewise  more  massive  thrn  in  the  seedling  but  essentially 
similar.   Its  form  is  conical,  with  a  broadly  semicircular 
base  embracing  the  growing-noint.   Near  the  summit,  upon 
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the  side  to'vard  the  growing-point  is  developed  the  narrow 
Dit  which  is  destined  to  forT  the  cavity  of  the  nitcher, 
its  origin  being  due  wholly  to  a  difference  in  the  rate  of 
growth  of  the  Lissue  at  the  bottoir,  of  the  pit  and  that 
foriring  its  sides  (Fig.  54),   Baillon  (1871)  in  a  brief 
note  en  the  develcprrent  cf  the  leaf  of  a  Sarracenia  (srecies 
not  r.entioned)  has  described  this  early  stage  ard  called  at- 
tention tc  its  siirilarity  tc  an  early  stage  in  the  develop- 
ment of  peltate  leaves,  averring  that  "La  iDerrbrane  cui 
tapisse  interieurire'^t  I'lirne  n'est  autre  chose  que  I'epi- 
derme  superieur  de  la  feuille."   This  ray  be  an  entirely 
superficial  analogy  or  it  rr.ay  be  a  hint  as  to  the  ultimate 
origin  of  such  a  markedly  rjodified  leaf.   Goebel  (1893) 
has  figured  the  early  leaf  prirrcrdium  of  Sarracenia  drum- 
mondii  which  is  essentially  like  that  of  Sarracenia  purpurea, 

V.'ith  the  continued  growth  cf  the  leaf  rudiment  the 
pit  becomes  deeper,  and  its  mouth  becomes  vertically  elon- 
gated although  remaining  very  narrow.   At  stages  somewhat 
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earlier  than  that  showri  in  Fip;.  55  the  sides  of  the  rrouth 
of  the  pit  v;ill  be  found  to  have  corae  together,  closing 
the  pit  completely.   Fig.  55  represents  a  leaf  nrimordiurr 
in  which  the  wing  is  ,iust  beginring  to  apt'ear.   Figs.  5G, 
57,  58,  59,  60  and  61  represent  cross-serticns  of  the 
priinordium  at  this  age  in  the  places  indicated  in  Fig.  56. 

In  older  leaves  such  as  are  represented  in  Fig.  62 
the  base  of  the  leaf  priraordiurr.  is  of  a  stoutly  crescentic 
form  in  cross-section.   Through  the  groove  at  the  inner  side 
of  the  leaf  base  the  next  younger  leaf  appears  (Fig,  56  and 
Fig,  62).   The  groove  becomes  narrower  and  n^ore  shallo'.v  as  we 
pass  UD  the  leaf  and  e-^ds  .iust  short  of  the  bottor  of  the 
cavity  of  the  pitcher  (  Fig.  62).   Above  the  end  of  the 
groove  there  is  a  shcrt  rortion  of  the  young  leaf  which  is 
circular  in  cross-section,  above  which  in  turn  the  narrow 
flattened  outgrowth  of  the  wing  has  becorre  rrcre  consricuous. 
The  wing  rudirrent  ends  rather  abrurtly  at  a  point  where 
retardation  cf  growth  in  diameter  indicates  the  line  of  de- 
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marcation  between  the  Ditcher  and  cover.   The  cavity  of 
the  pitcher  at  this  stap;e  of  develonrr.ent  reaches  as  far 
as  the  upper  end  of  the  circular  portion  of  the  base. 

There  have  been  n-any  suggestions  as  tc  the  honology 
of  the  parts  of  the  pitchered  leaf  of  Sarracenia,  A  viev/ 
held  by  irary  v/orkers  is  that  the  pitchered  portion  of  the 
leaf  is  derived  froir  the  prir.iordiur:  of  the  petiole  and  the 
cover  from  the  primordiuin  of  the  lamina.   Goebel  (1893) 
points  out  that  since  there  car  be  ro  distinction  in  the 
very  young  leaf  of  prirrordia  of  petiole  and  lanina  there 
can  be  no  line  drawn  as  to  what  portions  of  the  pitchered 
leaf  "represent"  these  structures. 

The  anatorr.y  of  the  mature  leaf  was  first  worked  out 
by  Vogl  (1864);  it  has  more  recently  been  reviewed  by 
Goebel  (1893)  and  minor  contributions  have  been  made  by 
Schim.per  (1882)  and  Zipperer  (1886).   The  leaves  have  a 
two-fifths  arrangemert  subject  to  scire  irregularity.   The 
first  leaf  rudiments  unfolded  in  the  spring  are  aborted 
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(Fig.  62),  consistinf^  of  the  ;5heathin,^  base  surmounted  by 
the  ninute  retarded  oririordiu"  of  nitcher  and  cover. 
These  are  usually  three  in  nu-ber  and  "^lay  occur  in  T)lants 
which  do  not  blooT.as  '.veil  as  in  those  77hich  do.   In  the 
latter  case  the  aborted  leaves  are  those  ,iust  sbove  the  one 
to  which  the  flower  is  axillary. 

The  axillary  buds  of  Sarracenia  are  commonly  very  sinall 
and  constituted  of  f^rowing-noint  and  the  nri-ordiu*^  of  a 
single  leaf,  coTTDletely  covered  and  nrotected  by  the  sheath- 
ing leaf-base.   An  occasional  axillary  b'.id  develors,  the 
first  tv:'c  leaves  being  ornosite  and  on  the  orposite  sides 
of  a  line  connecting  the  growing-point  of  the  bud  with  the 
centre  cf  the  shoct.   There  is  thus  brought  about  a  branch- 
ing of  the  rhizon"e,  which  by  frecuent  renetitioh  gives 
rise  to  large  clusters  of  individuals. 

The  anatCTy  of  the  rhizorre  of  Sarracenia  is ur:: urea 
has  been  described  by  Zipnerer  in  sufficient  detail, 
since  it  presents  no  unusual  features.   He  has  also 
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Rivpn  a  correct  account  of  the  growing-point  and^dovelon- 
ment  of  the  vascular  tissue:  the  growing-point  being  of 
the  type  in  which  the  can  and  three  tissue  layers  are  all 
derived  froT  a  coinmon  group  of  initials,  the  early  order 
of  vascular  bundles  being  triarch. 

Root-hairs  are  fev;  uDon  the  roots  of  plants  growing 
in  a  saturated  sutstraturrjin  the  orten,  but  are  abundant  in 
seedlings  grown  in  highly  saturated  sohagnu-^,  and  in  adult 
Plants  in  the  ^nen  which  are  growing  in  a  substratuir.  ir.ere- 
ly  TT.cist.   '.ycorrhiza  has  not  been  observed  in  Sarracenia 
purpurea  in  the  vicinity^ of  Baltircre,  although  fungal 
threads  have  been  found  covering  the  root  of  seedlings  grown 
under  the  conditions  orevicusly  -entioned  and  penetrating 
the  e:ideriris.  MacDougal  (1899)  has  described  penetration 
of  the  epidermis  by  hyphae  in  adult  plants  without  coxn:iit- 
ing  himself  as  to  their  rr.ycorrhizal  nature. 
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SU.ivlARY. 

1.  The  flowers  of  Sarracenia  piirpuror,  aro  axillary, 
perfect,  hypopynous  and  radially  symir.etrical, 

2.  The  70  to  80  stan-.ens  arise  in  ten  groups. 

5.  There  are  four  rcicrcsporargia.   There  is  a  double 
layer  of  binucleate  tapetal  cells,  derived  fron  the  prinary 
archesT)oriuin.  There  are  fro:r.  three  to  five  varietal  layers. 

4.  The  tetrad  division  is  simultaneous;  the  micro- 
spore nucleus  divides  before  the  dehiscence  of  the  anthers. 

5.  The  reduced  nuir.ber  of  f^hrouosores  is  tv/elve. 

6.  In  the  ovule  tihere  is  a  single  archesr^orial  cell, 
which  is  the  megaspcre  rr.other-cell .   There  is  no  tapetal  cell. 

?.  The  ovule  is  anatropous  and  there  is  a  single  in- 
tegument. 

&.  The  megasr/Ore  mother-cell  divides  to  a  linear  series 
of  four  megaspores,  or  aftef"  the  first  division  the  micro- 
pylar  nucleus  may  fail  to  divide  or  may  divide  longitudinally. 

9.  The  chalazal  r.egaspore  is  functional,  and  develors 
a  tynical  eigh'^-celled  embryo-sac. 
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IC.  The  Dclar  nuclei  fuse  ard  the  erdosDcrr  ray  beccre 
twc-  tc  eiftht-cclled  before  the  corr)lete  fusicri  of  inr.le  and 
female  nuclei  ir  fertilization. 

11.  The  roller-tubes  ptcv   through  a  definite  conduct- 
ing tissue  in  the  upcer  expanded  nortion  of  the  style, 
through  schizVcgenic  carols  in  the  stalk  of  the  style 

and  between  the  r^lacental  outgrowths  in  the  ovary. 

12.  The  generative  nucleus  divides  before  the  tube  has 
massed  into  the  stalk  of  the  ovary. 

IS,  Fertilization  rresents  no  peculiarities. 

14.  The  eiibryc  is  elongated  and  straight,  with  coty- 
ledons.  The  storage  tissue  in  endosrserr  filled  v;ith  aleur- 
one.   The  seed-coat  is  the  external  layer  of  the  i^teguT.ent. 

15.  The  cotyledons  function  as  haustoria  in  gemination 
and  survive  as  chlorophyll-bearing  leaves, 

16.  The  first  e- Icotyledcnary  leaf  is  ritchered  and 
arises  frcrr  a  finger-Mke  prirordium  ir>  v.'hich  a  cavity  is 
developed  by  uneoual  grov/th. 

17.  The  develoDiTient  of  the  leaves  of  adult  plants  is 
similar  to  that  i-  seedlings. 


;\ 
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EXPLANATION  OF  PLATES  I,  II,  III. 

Abbreviations  used:   ani»  antiT)odal;  arsr),  archesr^or- 
ium;  br,  braot;  cav,  cavity;  col  t,  colunnar  tissue;  can  c, 
conducting  canal;  con  s,  conducting  strand;  con  t,  conduct- 
ing tissue;  cot,  cotyledons;  ccv,  cover;  cp,  carioel;  der, 
dermatogen;  d  s,  dehiscing  slit;  e,  egg;  eni,  eirbryo;  en  n, 
endosoerT.  nucleus;  e  s,  exbryo-sac;  es^,  endosnerir;  f  n, 
female  nucleus;  g  n,  generative  nucleus;  irt,  integuirent; 
int  i,  integuirent  initials;  1  n  c,  lateral  placental  out- 
growth;  meg  nc,  megaspore  irother-cell ;  neg  sc,  rnegasDore 
sister-cell;  niic  rac,  microspore  mother-cell;  micsp,  micro- 
srorangium;  nm,  male  nucleus;  n  J)  p,  main  Placental  out- 
growth; nuc.  nucellus;  pv,  ovary;  p_ar  c,  parietal  cells; 
net,  petals;  pn,  nolar  nuclei;  ppi,  initials  of  periblem 
and  nlercme;  nrc  c,  Drocambium  cells;  ]]t,  petal;  so,  seed- 
ccat;  sep,  senal;  _st,  stamen;  stg  s,  stigmatic  surface; 
stk,  stalk  of  style;  sus ,  susnensor;  syn ,  synergid;  tan  c, 
tar^etal  cells;  tn ,  tube  nucleus;  un,  umbrella  of  the  style; 
w,  wing. 
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All  fiF^urPS  are  carera  drawings  frO!r  micrctoire  sections 
except  figs.  29,  30,  50,  55  and  62.  which  are  fro:r.  free- 
hand drawings. 

PLATE  I. 

Fig.  1.  Vertical  section  of  young  flower  bud.   x  30. 

Fig.  2.  Transversr  section  of  young  flower  bud  of  saTe 
age  as  in  fig.    1.   Dotted  outline  rer-resents  position  of 
carnel  tins  in  higher  sections,   x  30. 

Fig.  3.  Vertical  section  of  older  flower  bud.   x  30. 

Fig.  4.  Transverse  section  of  young  stamen,   x  232. 

Fie.  5.  Transverse  section  of  single  riicrosrorangiur-, 
of  older  stamen,   x  232. 

Fig.  6.  TransV^ersf  section  of  nortion  of  microsn.orangium 
and  wall  in  microsnore  mother-cell  stage,   x  40C. 

Fig  7.  Transverse  s.cctic-  cf  ricrosncrangium  and  ^-^-trrrn 
-ef   wall  with  microsnore  mother-cells  in  synapsis,  x  232. 

Fig.  8.  Transverse  section  of  micrcsrorangiun  and  portion 
of  wall.   Poller  mother-cells  in  mitosis,   x  400. 

Fig.  9.  rcllen  mother-cells  in  metaphase  cf  first  mitosis 
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X  4  00. 

Fip.  10,  Tetrads  of  microspores,   x  400. 

FiP.  11«  Pollen-ffrain.  x  400. 

Fij^.  12.  Pollen--grain  after  division  of  nucleus,  x  400. 

FijET.  13.  Transverse  section  of  mature  anther,   x  P.O. 

Fif^.  14.  Transverse  section  of  youn^  ovary,   x  20. 

Fij^.  15.  Transverse  section  through  middle  of  nearly 
iDature  ovary,  x  7. 

Fig.  16.  Longitudinal  section  of  ovule  with  iriegasnore 
mother-cell,   x  400. 

Fig.  17.  Transverse  section  of  ovule  through  megasnore 
mother-cell,   x  400, 

Fig.  18,  Longitudinal  section  of  ovule  with  megasrore 
mother-cell  and  integument,   x  232. 

I'ig.  19.  Transverse  section  of  single  lateral  Placental 
outgrowth,  showing  difference  in  rate  of  develoDraent  of 
integu^ents-   Sorrev.'hat  diagrar'^atic.  x  40, 

PLATE  II. 

Fig,  20,  First  maturation  division  of  megasr)ore  mother- 
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cell.      X   4  00. 

Fig.    21.   Linear  series  of    three  refias^nores ,   arisirip  by 
failure   of  n-icrcDylar  daiighter-cell   tc  divide,      x  400, 

Fig,    22.    Tetrad   of  rr.egas-nores    in   which  the  ricrcrylar 
daughter-cell   has   divided   Icrgitudinally.      x   400. 

Fig,    2%  Lorgitudinal   section   of   ovule,    with  tetrad   of 
megasrores,    chalazal    one   enlarging   a'^d    encroaching   on    single 

layer  of  nucellus.      x   120. 

■ 

Fig.  24.  Longitudinal  section  of  nortion  of  ovule  shov;- 

ing  two-celled  embryo-sac,  nucellus  and  columnar  tissue,  x  252. 

Fig.  25.  Longitudinal  section  of  nortion  of  ovule  show- 
ing four-celled  enbryo-sac.   x  232. 

Fig,  26.  Longitudinal  section  of  ovule  showing  fully 
develoned  embryo-sac.   x  400. 

Fig.  27.  Longitudinal  section  of  ovule  shcv.'ing  enbryo- 

A 

sac  after  fusion  of  r>clar  nuclei.   Antirodals  rushed  to 
one  side,   x  252. 

Fig.  2c.  Gro-,7inr-roint  of  tin  o^-  rnvrrl  ir  ij^-b'-^ella, 
horizontal  section,   x  40. 
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Fig.    29.    Stylar  iirrhrella  viev.'ed   frcrr   above.      In   out- 

1 

line,      X   2/3. 

Fig.  SO.  Cvary  and  style  to  shov;  course  of  pollen  tube, 
indicated  by  dotted  line.   Soirewhat  dia.fnraT.-^atic.   x  2. 

Fig.  51.  Longitudinal  section  of  stigratic  surface  v.'ith 
sprouting  pcllen-grains.   x  120. 

Fig.  32.  Longitudinal  section  of  conducting  strand  in 
uTT.brella  of  style,  sViov.-ing  conducting  and  vascular  tissue. 
X  40. 

Fig.  33.  Transverse  section  of  ur^^er  surface  of  um- 
brella of  style,  showing  conducting  and  vascular  tissue 
ana  glandular  enldfrrr.is,  x  120. 

Fig.  24,  Transverse  section  of  stalk  of  style  before 
ncllination.  x  20. 

Fig.  35.  Transverse  section  of  stalk  of  style  at  tine 
of  rollination.  x  20. 

Fig.    36.    Tin   of  ncllen-tube,    frcir   conducting   tissue   of 
uir.brella.      Gntical    secticr.      x   400. 

Pig.    57.    Cross   v/all   in  tube  near  stigT.atic   surface,      x  4CC. 
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PLATE  III. 

Fig.  5C.  Longitudinal  section  of  ur'ioer  end  of  erbryo- 
sac  showing  fusion  of  r.ale  and  ferrale  nuclei,   x  400. 

Fig.  39.  Longitudinal  section  of  erbryo-sac  shovang  twc- 
celled  endosrerr, ,  cclunnar  tissue  and  rerrains  of  nucellus. 
X  12  C. 

Fig.  40.  LoTigitudinal  section  of  ei^bryo-sac  showing  four- 
celled  endosr^er",   x  120. 

Fig.  41.  Longitudinal  section  of  portion  of  ovule  show- 
ing eight-celled  endosperir;  and  integument,   x  40. 

Fig.  42.  Longitudinal  section  of  seed  through  the  wing 
showing  multicellular  endcsperr  and  two-celled  errbryo.  x  20, 

Fig.  43.  Tv,-o-celled  err.bryo.   x  232. 

Fig.  44.  Young  embryo  with  susnensor,   x  40C. 

Fig.  45,  Older  enbryc  with  susrensor.   x  232. 

Fig.    46.    Longitudinal   section    of   eirbryo   frcrr   nature 
seed.      X    120. 

Fig.  4V.  Transverse  section  of  mature  seen  cutting  the 
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e-bryo  through  the  cotyledons,  x  4C. 

Fig.  4S.  Lcnpitudinal  section  through  the  hilun  of 
Tiearly  nature  seed,   x  IPA: . 

Fig  49.  Longitudinal  section  of  gerr.inating  seed,  with 
rotyledons.   Seed-coat  has  been  rer.cved.   Fcrtion  be- 
yond the  dotted  line  is  that  frcT  which  aleurone  has  not  yet 
been  removed,  x  20. 

Fig.  50.  Seedling  vith  cctyledcns  and  three  eni- 
cotyledonary  leaves,   x  11, 

Fig.  51.  Vertical  section  throuph  growing-point  of  seed- 
ling.  X  252. 

Fig.  62.  Median  vertical  section  through  urirordium  of 
first  epicotyledcnary  leaf,   x  232, 

Fig.  53.  liediar  vertical  section  through  portion  of 
prircrdiuri  cf  first  epicotyledcnary  leaf  ir  later  stage  cf 
develcr'^ent.   x  232. 

Fig.  54.  Vertical  secticn  through  growing-point  and 
young  leaves  in  acult  plant,   x  20. 
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I'ig.  55.  Surface  view  cf  T)rircrdiun-  of  leaf  seen  frcr 
the  side,  rext  ycurger  lea:  also  shovinF.   Ectted  cutline 
rarks  cavity  ci  ]caf.  x  5. 

Fip.  56.  Transverse  secticr.  of  leaf  in  fig.  55  at  56.  x  20. 

Fig.  57.  Trarsvcrse  section  of  leaf  in  fig,  _[:5  at  57.  x  20. 

Fig.  58.  Transverse  section  of  leaf  in  fig.  55  at  58.  x  20. 

Fig.  59.  Trarsverse  secticr  of  leaf  in  fig.  55  at  59.  x  20. 

Fig.  60.  Transverse  secticr  of  leaf  ir  f_i£.  55  at  60.  x  20. 

Fig.  61.  Transverse  section  cf  leaf  in  fig.  55  at  61,  x  20, 

Fig.  62.  Later  stages  of  young  leaves.   Cavities  in 
dotted  outline,   x  1. 
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VITA. 
01  en  ?orrest  Shrevp  v/as  born  at  Easton,  •aryland  in 
1878;  received  his  early  education  at  the  Friend's  Select 
Schorl,  Easton,   the  Easton  High  School  and  the  Geor.cre 
School,  Newtown,  Pennsylvania.   He  received  the  degree  of 
Bachelor  of  Arts  at  the  Johns  Hopkins  University  in  1901, 
entering  the  graduate  denartment  in  the  same  year.   His 
subjects  have  been  Botany,  Zoology  and  Physical  Chemistry. 
He  was  holder  of  a  U'liversity  Fellowshin  in  1904-5. 
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